sent was obtained from each participant. The registration number of the trial at the UMIN is 000002998 (The Endocrine-Metabolic Disease and Sleep Apnea Syndrome Study).
Cardiorespiratory monitoring
Before the treatment of acromegaly, the severity of SDB was assessed by all-night (9 PM to 6 AM) cardiorespiratory monitoring (Somté, Compumedics, Melbourne, Australia) that included nasal airflow using a pressure sensor, rib cage and abdominal wall movement using two stress-sensitive belts, body position with a body position sensor, arterial oxygen saturation (SpO 2 ) using a pulse oximeter, and electrocardiography [20, 21] . The recorded signals were analyzed for the number of apneas and hypopneas [22] . The duration of sleep was estimated using the self-reported sleep time and the recorded data. The oxygen desaturation index (ODI), lowest SpO 2 , average SpO 2 , and time at desaturation <90% in minutes of total bedtime for the entire night were measured. Apnea represented a decrease in the amplitude of airflow signal or thoracoabdominal motion to <10% of the baseline for at least 10 seconds. Hypopnea was defined as a decrease in airflow or respiratory effort to <70% of baseline for at least 10 seconds associated with >4% desaturation but did not meet the criteria for an apnea. The apneahypopnea index (AHI) was defined as the total number of apneas/hypopneas per hour of sleep time [23] . Obstructive sleep apnea (OSA) represented absence of airflow for ≥10 seconds but presence of thoracoabdominal movement (the amplitude of thoracic or abdominal wall motion remained ≥15% of baseline amplitude). Central sleep apnea (CSA) represented lack of airflow for ≥10 seconds without thoracoabdominal movement [22, 23] (the amplitude of thoracic or abdominal wall motion decreased <15% of baseline amplitude). Mixed apnea represented lack of airflow for ≥10 seconds with an initial central component followed by obstructive component [22, 23] . All recordings were scored manually by an experienced polysomnographer [24] . SDB was diagnosed as AHI ≥5. For analysis of autonomic dysfunction, the low frequency power (LF: 0.04 to 0.15 Hz), which is influenced by sympathetic activity, and the high frequency power (HF: 0.15 to 0.40 Hz), which is under vagal control and represents vagal heart activity, and the LF/HF ratio were computed. The LF/HF ratio is synchronous with respiratory frequency [25] and reflects sympathovagal modulation. Because the
Patients and Methods

Patients
The study subjects were consecutive 24 Japanese patients diagnosed with active acromegaly who were hospitalized in the Department of Endocrinology and Metabolic Diseases, Osaka University Hospital, between January 2009 and December 2010. Hormonally active acromegaly was defined as a clinically apparent acromegaly with high levels of GH (normal, ≤2.7 ng/ mL) and/or IGF-1 over sex-and age-adjusted normal range (upper limit of normal range) [18] , and a lack of suppression of GH below 1 ng/mL after the oral administration of 75g-glucose [18] . The maximal size of the pituitary adenoma was measured by lateral, sagittal or coronal magnetic resonance image (MRI) (Signa HDxt 3T, version 16 GE Medical Systems, GE Healthcare, Tokyo, Japan). The adenomas were divided based on their size into microadenomas (<10 mm in diameter, n=11) and macroadenomas (≥10 mm in diameter, n=13). For serum IGF-1 concentrations, results are expressed in SD (standard deviation) scores as recommended by the consensus guidelines of 2010 [19] . A SD score of less than 2.0 was considered normal in this study. In five subjects (males/females=3/2), serum prolactin at baseline was high levels over normal range (< 15 ng/mL for men, 27 ng/mL for women), but serum prolactin increased more than twice in response to thyroid releasing hormone stimulating. All subjects were diagnosed with no hypopituitarism, by evaluating each pituitary hormone at baseline, and the response to luteinizing hormone releasing hormone and thyroid releasing hormone. Taken together, these findings indicated that the high level of circulating GH was caused by the GH-producing pituitary adenoma. In a male subject, free thyroxine at baseline was high levels over normal range and thyroid stimulating hormone levels were within the normal limit, but serum thyroid stimulating hormone increased less than twice in response to thyroid releasing hormone stimulation, possibly secreting both GH and thyroid stimulating hormone.
The duration of acromegaly was estimated from the occurrence of first symptoms or signs until diagnosis (12.7±1.7 years, range 2-30). The numbers of patients with past history of coronary artery disease, cerebrovascular disease, congestive heart failure and malignant neoplasm were 0, 0, 3 and 1, respectively. The present study was approved by the ethics committee of Osaka University and a written informed con-
Measurement of carotid intima-media thickness (IMT)
The maximum carotid intima-media thickness (max IMT) and mean IMT of the common carotid artery were also measured in supine position (SSA-660A; Toshiba). The max IMT was measured on both the right and left sides in the observation-possible areas of the common carotid artery, bulbus and internal carotid artery, excluding the external carotid artery. The mean IMT represented the average of the values of the right and left common carotid arteries, but not the bulbus, determined at three points of measurements, as reported previously [20] .
Echocardiographic measurements
Transthoracic M-mode, two-dimensional, pulse Doppler and color-Doppler echocardiographic measurements were performed from standard parasternal views in the resting state (SSA-660A; Toshiba, Tokyo), in the left lateral position, according to the recommendations of the American Society of Echocardiography [28] . Several parameters were measured, including the inter-ventricular septum thickness, posterior wall thickness, left atrial dimension, left ventricular internal end-diastolic diameter, left ventricular systolic diameter and left ventricular mass calculated by Devereux's Formula [29] , modified with body surface area (left ventricular mass index). Fig. 1 shows the cephalometric variables measured on the lateral head X-ray, as reported previously [8, 10, 12] . The plain radiographs were obtained under standard conditions during centric occlusion with the head fixed. All examinations were done with the patient awake in the supine position, with the head and neck extended in a neutral position. All measurements were made by the same examiner. The following cephalometric measurements were made; soft palate length and thickness, oropharyngeal dimension and tongue thickness.
Cephalometric measurements
Statistical analysis
Data are presented as mean±SEM. Relationships between two continuous variables were analyzed using scatter plots and Pearson's correlation coefficients. In all cases, two-tailed p values were used, and p values <0.05 were considered statistically significant. All analyses were performed with the JMP Statistical Discovery Software 8.0 (SAS Institute, Cary, NC). total frequency includes the sum of very low, low and high frequency power, the total frequency values were not included in this analysis.
Anthropometry and laboratory measurements
Height, weight and waist circumference (WC) were measured in standing position. WC at the umbilical level was measured with a non-stretchable tape in late expiration while standing (in cm). Body mass index (BMI) was calculated [=weight (kg) / height (m) 2 ]. Visceral fat area was estimated by bioelectrical impedance analysis (eVFA) [26] . The thickness of calcaneal heel pad was measured using lateral foot X-ray films, as reported previously [27] . Briefly, the thickness of the heel pad was measured perpendicularly from the most inferior aspect of the medial process of the calcaneus tuberosity to the top edge of the Perspex palate.
Venous blood samples were collected for measurements of blood glucose, immunoreactive insulin (IRI), low-density lipoprotein-cholesterol (LDL-C), triglyceride (TG), high-density lipoprotein-cholesterol (HDL-C), adrenocorticotropic hormone, cortisol, thyroid stimulating hormone, and free thyroxine, after awakening while the subject was in the supine position. Serum GH was determined by the chemiluminescent immunometric assay (normal range, GH; ≤6 ng/ mL). Serum IGF-1 was determined by the immunoradiometric assay ("Daiichi" IGF-1 IRMA; FUJIFILM RI Pharma Co., Ltd., Tokyo, Japan). The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated using the following formula (units): HOMA-IR (mU/L × mg/dL) = (fasting IRI × fasting glucose)/405. Hypertension (25%, n=6) was defined as systolic blood pressure ≥140 mmHg, and/or diastolic blood pressure ≥90 mmHg, or current treatment for hypertension (calcium channel antagonists/ angiotensin converting enzyme inhibitors/angiotensin receptor blockers/β-blockers/diuretics; n=1/3/4/3/0). Diabetes mellitus (37.5%, n=9) was defined according to the World Health Organization criteria, or non-fasting plasma glucose concentration ≥200 mg/dL, and/ or current treatment for diabetes mellitus (sulfonyl ureas/biguanides/alpha glucosidase inhibitors/Insulin; n=4/2/1/2). Dyslipidemia (45%, n=11) was defined as an LDL-C concentration of >140 mg/dL, TG concentration ≥150 mg/dL, HDL-C concentration <40 mg/ dL, and/or treatment for dyslipidemia (statins/fibrates; n=3/0). ate length (X-ray) (data not shown, r=0.45, p=0.041). As soft palate length is influenced potentially by body constitution, it was divided by body height. Log-AHI correlated positively with soft palate length / body height (X-ray) ( Table 2 and Fig. 2, r=0.44, p=0.043) . However, there was no significant correlation between AHI and age, BMI, WC (all, male, female), eVFA (all, male, female), log-GH and IGF-1 SD score, size of adenoma, duration of acromegaly, heal pad thickness, mean and maximum IMT (all, male, female), left ventricular
Results
Characteristics of acromegalic patients enrolled in the present study Table 1 summarizes the characteristics of acromegalic patients enrolled in this study. Of the 24 patients with acromegaly studied, 3 were considered to have no SAS. The prevalence of SDB was 87.5% (n=21/24), including 95.2% (n=20/21) with predominantly OSA. The average length of the soft palate was 43.2±1.7 mm (X-ray), and 83% of the patients (n=20/24) had long soft palate (reference value: 29±3 mm [our unpublished data for Japanese patients with prolactinoma, n=9])
Correlation analysis between AHI and measured parameters
Data of AHI and GH showed skewed distribution, and therefore were log-transformed before analysis. Correlation analyses between log-AHI and clinic-biomarkers including cephalometric indices showed a positive correlation between log-AHI and soft pal- high prevalence of SDB in Japanese patients with acromegaly (87.5%), consistent with previous studies in Europeans [13] [14] [15] [16] , 2) the severity of SDB in these patients correlated with a large soft palate, as previous report showed that soft palate length was significantly larger in OSA patients compared to controls [30] . Previous report in Japanese acromegalic patients showed that all oximetric parameters with a bedside oximeter showed worsen results in SDB group than in non-SDB group [17] , but the present study investigated the relationship between the severity of SDB (i.e. AHI) with cardiorespiratory monitoring and various parameters in Japanese acromegalic patients, which to our knowledge is the first such report. Previous studies in European acromegalic patients showed that SDB correlates with high levels of GH and IGF-1 [3, 13, 15] , aging [10, 12, 14, 15] , male gender, BMI [14] , WC [14] , neck circumference [15] and tongue size [30, 31] . Although we reported previously that AHI correlated with BMI and WC in diabetic patients [20, 21] , the present study found no correlation between AHI and BMI and WC in acromegalic patients (Table 2) , probably because acromegaly is often a disease with little fat but organ hypertrophy, different from diabetes. The present study found that AHI correlated significantly with soft palate length / body height only (Table 2) ; supporting the view that SDB in these patients correejection fraction, left ventricular mass index, soft palate thickness / body height, oropharyngeal dimension / body height, tongue thickness / body height ( Table 2) .
Discussion
The major findings of the present study were: 1) Pearson's correlation analysis was used to examine the relationship between log apnea hypopnea index (AHI) and soft palate length / height (X-ray).
The prevalence of hypertension, diabetes and dyslipidemia in our acromegalic patients was 25%, 37.5%, and 45%, respectively. Both SDB and acromegaly share common symptoms and prognostic features: high cardiovascular and respiratory mortality rates, high incidence of hypertension, and glucose-lipid dysmetabolism. Early diagnosis of SDB in acromegalic patients may identify a group at higher cardiovascular risk, in whom complications of acromegaly may be more pronounced. Based on the high incidence of SDB demonstrated in the present study, we advise that all patients with acromegaly should be routinely screened for SDB for early treatment and potential prevention of future cardiovascular events.
We used a conventional overnight cardiorespiratory monitoring to assess SDB without electro encephalogram. The duration of sleep by self-reported sleep time and the recorded data might overestimate real sleeping time based on electro encephalogram and thus underestimate AHI. Although polysomnography is required to accurately assess sleep duration and structure and is currently considered the 'gold standard' method to diagnose SDB including OSA whether attended or not, time spent on analysis and interpretation of the data obtained, by technical and medical staff means it may not be the most cost-effective or convenient method of assessing sleep disordered breathing in the large number of patients who present with acute coronary syndromes and require secondary prevention of adverse outcomes in this urgent setting.
In conclusion, we found high prevalence of SDB in Japanese patients with acromegaly, in agreement with the results of previous studies from other countries [13] [14] [15] [16] . Early diagnosis of SDB in acromegaly is emphasized for preventing cardiovascular events, since it is a treatable disorder. 
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lates with the collapse of a large and floppy soft palate. However, since this is a cross-sectional study, it is difficult to establish cause-effect relationship. In the present study, soft palate length (X-ray) and soft palate length/body height (X-ray) correlated significantly with duration of acromegaly (r=0.57, p<0.01; r=0.55, p<0.01; respectively, data not shown), but did not with circulating GH and IGF levels (p=0.75, p=0.97; p=0.70, p=0.87; respectively, data not shown). These findings indicate that the presence of chronically high GH and IGF-1 levels is more important than absolute values of GH and IGF-1 in blood at diagnosis for the association of SDB with longer soft palate, similar to the relation with the heal pad thickness in acromegaly [7, 8] .
SDB is classified into OSA and CSA. Grunstein et al. reported that patients with CSA have significantly higher GH and IGF-1 levels than patients with OSA [4] . A postulated but not documented impairment of the somatostatin pathway in acromegaly (indeed an increased somatostatinergic tone, reactive to the high GH levels, has also been postulated) might be also responsible for the chemoreceptor hypersensitivity with attendant hyperventilatory responses to chemical stimuli [4] . Only one of our patients with acromegaly had predominantly CSA. Further studies of a larger population sample of acromegalic patients are needed to clarify this issue.
Several studies have indicated that surgery or medical therapy for acromegaly reversed SDB. Resection of the pituitary adenoma is reported to result in significant improvement or disappearance of SDB [32] [33] [34] , although such treatment is also reported to have no such effect with persistence of SDB [35] . The latter is probably related to the irreversible changes in the craniofacial region and upper respiratory tract [36] . Treatment with octreotide (somatostatin analogue) is reported to reduce the severity of SDB, although SDB can persist after normalization of hormonal levels [31, [37] [38] [39] [40] . Thus, the exact effect of treatment of acromegaly on SDB remains controversial. In the present study, after hospitalization, 22 patients were treated by transsphenoidal resection of pituitary gland adenoma, while two patients were treated with octreotide. The present study did not investigate the comparison between SDB of pre-and post-treatment for acromegaly. Further prospective studies are required to determine the short-and long-term effects of treatment of acromegaly on SDB and cephalometric examination in Japanese patients with acromegaly.
